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5 (54) [Title of the Invention] DC-DC Converter 
(57) [Abstract] 

[Problems to be solved] To provide a DC-DC converter 
which can completely drive a switching element, even 
when an input voltage is lowered. 

10 [Means to solve the Problems] There are provided, in the 
DC-DC converter of the present invention, between input 
terminals VI and VI', an input voltage detecting circuit 11, 
input condenser Ci, switching element (N-MOS FET) Ql, 
diode Dl and smoothing circuit 1. Further there is 

15 provided between the drain and source of Ql a boot strap 
circuit 2 which comprises a diode DB and condenser CB 
which are connected at a connecting point A. Further, an 
FET driving circuit 3 is connected between the connecting 
point A and the gate of Ql. Further, the output of Ql is 

20 connected with the smoothing circuit 1 comprising a diode 
Dl, coil Ll and output condenser Co and is also connected 
with a voltage dividing resistance 4 comprising resistances 
Rl and R2 for detecting the output voltage. Further, an 
error amplifying circuit 5 and control circuit 6 are 

25 connected between the FET driving circuit 3 and a 
connecting point of Rl and R2. The control circuit 6 is 
also connected with the input voltage detecting circuit 11 
(frequency varying circuit). 
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(54) lSm<0&*\ DC-DC3>A-^ 



(57) 

fcg»-f 5 r. t 5 D C - D C =■ y/<-? 
5. 

DC-DC3V/<-^10(i. A*jSSB-V 
1, VI' i:ttt2jJS^-V2. V2* irwWt, A>J*BEfclii@ 
KlU A*=>fyfC i. N-MOSFETQ1, ^ 
-f sf— KDls JFrlKaI8l#J¥A$^TV>5. ZLX. N 
-MOSFETQlOK^-rvty-^toraCtt, 7 
-h^>7 5'7'@IS2aJgtt$^. -7-hx}>7y7® 
&2 «rfflPfS-t- 5 *V tf— K D B t = ^=f>V C B i: <0« 
aLSAtN-MOSFETQKD^-htWiaCfi, F 
ET K7-<':7'0K3#g&&$;h,T^5. Sfc. N-MO 
SFETQlOffljjteSKtt, ^V*- K*D1, =V/UL1 
t ffl^J = >f ^ C o fl» £ 5 JFJfrlell&i&tffitt R 1 , 

RlkR2<T>mi&b. FET K7-fy®»3«0lB»it±. 
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>-9-frt>*Z>7-hx h7v7B&b, fWSPSKt, F 
ETK7^y@8. SrfBx. A7J«ffKJt 

^Hi#«EE£ftE1-5<fc 7 UJ7J* 
BEfcStP«ffii*StS*JWtEl!S-Cifc«JLTiifnEFET K 

7-<7 , is]»sr^uTttia^'<' *s*f-m*<r>mw*u&irz 

ttiDC-DC^^-^. 

g»ii*:ttEtttilEI8a»&&S Z b &&mki-*n*i& l 

D C - D C a V'<— * . 
(0 0 0 1] 

»8MWJR-r5ft«»IP] *»WHU DC-DC = V/< 

g&iWWPfc£FET K9-f ^H»i:*fll*.*<ft»|WE 
SD C - D C = icBJ-f*. 
[0 0 0 2] 

Ifc&Vffitn H4fc, £SS<04fiJB&ffiSDC-DC=» 
? 5 0<TCS#E)g&l2«r?jM% B4fc*>v*-C, A7J 
JPV1. VI' km*%k=f-V2. V2" tOPIC A 

OS-FET (N-MOSFET) Ql, *— KD 
1. sptfrBfcltftfASnT^S. N-MOSFETQ 
lOKW^Di y— ^ S £ ©tSJKriu N-MO S F E 

*«r*V KDBWMT3 Vf^t C B 

B £ <D&m&A k N-MO S F E T Q 1 O^- h b <0|BJ 
Kf±, FET K7-f^@K 3 75S«jRSnTV^5„ «o 
T, FET K7-Y^B*3tt, N-MOSFETQlS: 

«f5 ^t-KDBiaVfVfCBi <3««£A** 

10003] ifc, N-MOSFETQl<Ota/»ffl{C 
KD1, ¥Tt0Kl&tftH73«JE«til^ 
fffitit4#«8E;**vc^a. r©7^ ^FrfHaliSiria 

Jf#E#fct4fi«trtR 1 b&ttR2(Digm®f&frlZ>t£ 
5. *fek. fciitRl tR2(D&&fei:. FETKtV 

[00 04] Ki±WJ:7Kl«fiE$JvfcDC-DC=V/< 
tti7JW3E8tttJB#ff£$t4 <0SStR 1 b R 2 



itm-r&9Kis&m*zii'oi&^b$t±. iw»@s&6£ 

CFET K7-C^gllS3t^LtN-MOSFETQ 1 
fcrf-vU :r*/u*-*3^A'L 1 £ 3 Rt@Kl"r ! Fi» 
*fcUc#&>, ^8^2. V2' ~£ig{kLfc«7J* 
ttl^«JEV o lcJt#J1-S*Eas£*« 
EE* )W»®K6&^FET K7W7*BK 

3Sr^-UTN-MOSFETQl?r^7t-5. -fctT, 
N-MOSFETQ 10t7 Kli:t>fcV\ Jhi^K-SA 

htiiz**n>*-n. r-4 kd i u-ctBTj*-? 1 

V2, V2' -ttdU*iiTUl73«EVott:«i*K:{STi- 
5. 

[0 0 0 5] 

[*Wi5«»U<t5i:-r5SRH] bZhtfi. ±£<&?£# 
roDC-DC = y/<-^m A7J«EE#T#9, tB7J 
9&.&>bZ<t£Zb. -?-Y*Y7 y7®&\ct%1&t 

ft, ^-Yy^3(t^iS|6^L*<<e5iv>7lBIHii*feo 

[0 0 0 6 1 r<OCfc«:Sl«:fliV^aW-r<b. N-MO 
SFETQli^t- KDltW««E^B<0«EE (V 
B) «0«JB. K7y7*@B2©^ 3 KDB 

k =» f^lfC B b <ommMA<D^EE (VA) ©fcjg. 
N-MOSFETQ loy-h • V— *fSMSEE (VG 
S) OSMZZimtims (a) -H25 (c) <C/iH-. 
H5 <a) ~H5 (c) tpfcfe^T, SQSlfiA*«ffV 

i tffcvvjfrg-, fcj»ttA7J«EV i AM£^*g-C*>5. 

[0 0 0 7] H5 (a) JCjjrf J: 7 A7J«ffV i # 
9i(r>»&|Ctt, *V *— KD 1 lc t>+7><t««C35S«tn5 
fcft, N-MOSFETQliJd-7BfW^SBro«BE 
W5ff^7^Kl"<A' (0V) bttoX^Z (H^ 
itt) A7J«ffV i*^<*5ir. KD1IC 
j£h,5«*df>«: «StSB<oaEttjT7V 
Kw</u* (Ba4>«i») . @5 

(b) &gL&A<r>9J£im*\zT#5 

(H«P«E«) . -tOfcft, H5 (c) t^r«t5C N 
-MOSFETQloy-F • y-^ff]«BEtffi< * 
5. ^LT. K • y-^IBJ«BE-WT*SoT. N 

-MOSFETQlSrsi-Vl-5fcft<0U#VMB:«EEV t 
hSrTHIofc** (H*«5») , N-MOSFETQ 1 

[ooo8] zntio <ciaH^*««-*-5fc 

fttc4$ivfct<0-efcy, A^«KiST#oTt. 
y ff?MiUltS t i: 5 D C -D C = > 
*—9 i b & S « t 

[0009] 

\>7y7®&b. to&W&b. 
FETK^rEUSi, K«tt«Hi:S:*x, A7J«ff 
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K.0y*m^nz%mS.-t 5 J: 5 £ t til 

^SffitSlSSEi: SrlKrlEIWffillHlST-itR LTMSF E 
T K7-C7 , HIK*^U-CfflK^-i' j^l*iP<083B!*Wip 
•f5ftlS6(aESDC-DC3V>K-^tciJV>T, A#S 

[o o i o] *fc, Mi2ffl£ft*r3El£l8asA;>j*S*rafc 
[0 0 1 1 J #&9l03DC-DC = w-<-*{cJ:*ui. 

aseSSix, y^«fttN-MO S F E 

[0 0 12] 

[35E©Hi6<Z>?g«8J JE1T, EE«r#f8 LT#$S93<0|S 

[0 0 13] Hit, *S^CDC-DC=y/<-?0 
DC-DC=y/<-^10tt, A^J 
WPV1, VI' tm^4SH-V2, V2' twrac, ^ 
KSfc^U^l 1. M;LtfA;ftSJ£«till2JSg, A^J = v 
f^tCi, N-MOSFETQ1, y^-KDK 

1 aMfAStvT^*. 
[0 0 14] -tLT, N-MOSFETQlWKWy 

*K T'-h^h^y 2 Zm&tZ 94 *- KD B 
t 3 V^^f-C B £ Offlfc&A t N-MO S FETQ 1 
<7>V-hb<D!Sl\Ctt y FETK7^yiaK3^aK$ix 

[0 0 15] N-MOSFETQ lOta^jOJK 

f±. ^3J"-KD1, 3Y/Hliffi^=yfytCo 

S bK. Utt7«Eftti}J§#JEJgtt4 trflMM-SttKR 1 
iR2?>gMfc«£, FET K7-<7'®S3<0|BJtCf±, R 

^mhb 5 jwih*bk 6*^0*3*1. fw»as6f± 

3ft»W*@Kl 1 i: fc«KS*t"CH«. 
[0 0 16] 02fc, #359!fc:#.<5DC-DCnV./<- 
^©|giw|U6flS|(OEl%H?r^„ D C -DC =>>s<- 
*10fi % ^5f5<ODC-DC=>^-^ 5 OttStf^ 
cDfll/SSrLT^Sas. A^SS^Vl, VI' |B]Cfl&tt 
rT«0»1 ia5«86$tt-C^5^X-S^5. 

[0017] ffl«»*r£[ei& 1 1 it. yit-^ a— 

KZD, &£tR3~R8. ^rVtCl, C2, 

■C. yxf-^t-KZD. £6tR3, R4#A2j» 



tVl, VI* IBJfcB^JfcS&RSft, »fetR3. R4<75 
tttfc£tt. «*aR5, ^Ws'f L V^Kl^Q2, £ftR6 
&tf u-* O S C UTIHWIelK 6 Cgg&SftT 

[0 0 18] *-<:/?-:^3(f : ?-Q2C0=l':?*f± 

JgfctR6, ^-^«s$tR5t^-etvg«t$n, *W 

^-^iStfRSOg^i^^KtOfBHCtt, =■ V 
x^lfC li^iSSft, ^i/U'-^OSCifititR5«0 
Mtftir^^KfcomfcH:. SiitR 8#&fc$ft. * 
S/U— ^OSCi:^7VKi(D|BJ»Cfi> a^fC2 

[0 0 19] fcf£ % Igl^Hifi^DC-DCa^- 
* 1 OcottmftWSr-f*. A2>«£V i jWSmfrg-tc 
f±, S5tR8i=Xx^-9-C2-CRSSni^-t'5'f L V 
?m$&i-?*V'U— ?OSC**jgU y^^/H 

W-MOSFETQl^y, ^-7«r^rjigt1-ri: 
{CJ;») % a^/i,^-AJ=^/uLlHSxC>ix, 

[0020] A^SEV i ai±# U A2>*BE V 

1 94*— KZDoyit- €ffiv z «rl8± 

2(0-<-^{C-<-^tg£EVb =R 

2 • (Vi-Vz)/ (R3+R4) ^J0$tv, 
»C^'('3'f L ill^Q2as^^«»C<£-3-C<<5. -tUT. 
^-xS£EV b a*-*^ yf-KI^Q 2 Sr^^|g^i-5co 
fc-HKtt&Efcft^fciffc., d->u-^OSCIiStt 

(R6 + R7) tmCRS<0^^m (R6+R7) • 
R8/ (R6 + R7 + R8) t =* V^f- C 2 S 

-MOSFETQiaSjt-V, ^-7=&|ft9)SL-i-rt{CJ: 

*j, ^/u^-aisw/wLiicsx&H, ta^aEVo 

[00 2 1] 03«C, *«Wtc:«5DC-DC = V^- 
^<O»2<D|06«!«O|HlKH*^-t-. DC-DC = Va(- 
9 1 Sfi, JRKOIOefisrajDC-DCa^-^ 10 4 
tt8LT, fflSEft^EiaiSl 10«fi£^H^5. 

[0 0 2 2] ^K»^I$@K1 lfl, «t«R3~Rl 
3. aVr^fCl, C2« ^-fy5 L ^^* J f-Q2, Q 
3» ^TV'T'I C l&t/^>W—^OSCd»e>/i5 0 
^L-C, S$tR3. R 4 iSA^JS-T-V 1 , VI" JSHZiS. 
Wteittk**t. S^tR3. R4ro&££f±, |EttR5, 
^TVT'ICl, gfitR6, ^-f?fV^Q2, 
Q3, fi^R7&U { 3l->u-^OSCS:^LTHi(ffilgiaS 

[0 0 2 3] *^T>7 1 C 1 <0S<EA^*^I1 

tttftR 5 (C^tt^n. ^seAAJS^ttSfetR 
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(OB. **<T's7l C lWECA^Stf-tdJ^filSiaR 

[0 0 2 4] £t>\C x ***T % s-f\ C 10HJ*M«ttR 
6£tf LT;Wy^#^Q2<7V<-;Mc:«££iT,, 

r e f »C«&i**VC^S. 
10025] y^^*3!f^-Q3<03W^^ll 
SJtR7S:^L.tt->f-^OSCK, iJyi'llSM 
Rl 2Sr^UT:/7VK!i-tJx?H®S!$ixT^5. £ 
Wig, SttR7t^U-^OSCro«JK^tiy7>K 
kz>!gi',zt± x §StR 1 3#gB8*Siv tyU-yOSC 

10 0 2 6] jfclC. % 2 c0|lig«9C0D C — DC 3 
9 1 5<a»>f£3i?(!£1-.5. A*«EV i iifi^ic 
tt, StaR 1 3£^V;^:✓^^C2Tft;^*;^^.5;^^';'? : • 
>'^J3a$«^?;^-e'l'-*OSC;at5S£U ^j/f^ 

fttN-MOSFETQliStV, *7*l6t> 

[0 0 2 7] A^3«EViiJ±#U V1=R4 

•Vi/(R3+R4) as«lMBEVr e f 

*.*Jc^-i'y i f-KI^-Q2^2h7tt]Btc/it), 
^^5'f* : ? L Q3ii>i-^lStc<coT<5. -t LT, * 
-fj'^l»^Q3j5S^-V*t|g(C<eofci:#(c 
OSCIlfiS (R7 + R12) igtitRl 3<D-£#g$t 
(R7+R12) • Rl 3/ (R7 + R1 2 + R1 3) 

OJW yf^^SSfttN-MO S F E T Q 1 i^tf-V. 
*7£fft Dig LI"- 1 

[0 0 2 8] ±j£LfcJ:3lC % SglfttfSB2<afU60iJ<a 
DC-DCa^-?10, 15tC.fc*U£ % A^jSEV 
i <OS5{£fcH#&< , SffiSc^TKEWS 1 1 j/^ s 

fcJC x N-MOSFETQlco^-Y^^-V^K**:® 
<t5itki:!5, N-M0SFET0l**^feE» 

■fsrtas-ets. ^t, a*>«e v i oxei^BMS 



[0 0 2 9] DC-DC3>/<-?c3E«ja* 
(Vo/Vi) «rTtf*Cifc<, ffllji»C@8S*Jfl|fi£-t? 

[003 0] fc*J. J| 1 fttfjg 2 <0§S16Wc*it}5S!& 
f±, -WX-h<0, A^fcEanFflSStC&fcfcV^y^ 

[0 0 3 1] it. FET K^^lsIS. JS^iBSS 

fH«llI»XU t ^-v'U'-^4-io<0W^Il crt(c*« 
LTfcJ;^. r.©s^-tf±, d c -dc = £is 

DC-DC = ^<-^Sr«tt-f5S^«l«^'h?g 
[0 0 3 2] 

[0 0 3 3] Sfc, DC-DC=>-^-^C75aS*l3!!i* 
[Effi^flBHi^ffiS] 

[@1] *«WroDC-DC = W<-^wS*SJgg|-c 
[02] *36^CDC-DC3^<-^fc«55ll<03l 
[S3] *J6W«0DC-DC3>'^-^k:fil5|g2©gi 
[B4J ftJfcWDC -DC = ^©5*lsl8@-eS) 
[0 5] B4©DC-DC = V/<- ^Wlflf^SrK^-rs 
[tf-g-OKHn 

10. 15 DC-DC3V/W 

2 y-Mh^yT'EiS 

3 F ET Zf&l1& 

5 &&8f«§ 

6 HffEIS 

1 1 flttgCTgglS (SBE^tUES) 

CB ayf^t 
DB 

Ql ^-fyfll^ (N-MOSFET) 
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